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The effects of a (3-dunnione compound MB12662 on the gastric secretion and ulcers were investigated in 
rats. In order to assess the effects of MB12662 on the gastric secretion and acidity, rats were subjected to 
pylorus ligation operation, and 6 hours later, gastric fluid was collected. Treatment with MB12662 
reduced the gastric fluid volume to 47.3% of control level and increased pH. In an alcohol-induced ulcer 
model, rats were orally administered 3 ml/kg of ethanol, and 1 hour later, the ulcer lesions ware 
measured under a stereomicroscope. MB12662 reduced ulcer index in a dose-dependent manner which 
was much stronger than a proton-pump inhibitor pantoprazole. In a stress-induced ulcer model, rats were 
subjected to water-immersion restraint stress, and 5 hours later, the ulcer lesions ware examined. 
MB12662 also attenuated the stress-induced gastric lesions, although the efficacy of MB12662 was lower 
than that of pantoprazole. Therefore, it is suggested that MB12662 could be a candidate compound for 
the prevention or treatment of gastric ulcers induced by gastric over-secretion and alcoholic hangover. 

Key words: Gastric secretion, ulcer, alcohol, stress, (3-dunnione, MB12662 

Received 6 August 2013; Revised version received 30 August 2013; Accepted 31 August 2013 



Peptic ulcers are caused by various factors including 
gastric over-secretion and retention, weakening and 
depleting agents of mucin layer, blood flow disturbances, 
and mucosal injury and inflammation [1,2]. Ulcer- 
inducing agents include alcohols [3], stresses [2,3], non- 
steroidal anti-inflammatory drugs [3], and bacterial 
(Helicobacter pylori) infection [1,4]. 

For the therapy of gastric ulcers, proton-pump inhibitors 
that block acid secretion from parietal cells, antacids, 
histamine receptor (H 2 ) antagonists, prostaglandins 
(PGs) that strengthen mucin layer, and antibiotics to 
eliminate H. pylori have been used [1]. Diverse gastric 
ulcers were attenuated by blockade of acid secretion, 
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indicating that gastric secretion is a key factor for the 
induction of erosions and ulcers [5]. 

Recently, we have synthesized P-dunniones and P- 
lapachones, the antifungal orange-red pigments of 
Streptocarpus dunnii Mast. [6], and found out their 
potential antioxidative activity (unpublished results). A 
P-lapachone MB 12066 decreased gastric secretion and 
acidity [7], and a P-dunnione MB 12662 substantially 
alleviated cisplatin-induced intestinal necrosis (unpublished 
results). Thus, we assessed whether MB 12662 blocks 
gastric secretion, and thereby improves diverse ulcers 
induced by alcohol and stress, the major causes of peptic 
ulcer in modern civilians. 
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A P-dunnione (2,3,3-trimethyl-2,3-dihydronaphtho 
[l,2-P]foran-4,5-dione; Mazence code: MB12662) was 
synthesized in Mazence Co. (Suwon, Korea), and stored 
at 4°C until use. Male Sprague-Dawley rats (body 
weight 200-220 g) from Samtako Co. (Osan, Korea) 
were housed in a room with temperature of 23±2°C, 
relative humidity of 55±5%, a 12-hour light/dark cycle, 
and feed and water available ad libitum. All animal 
experiments were conducted in accordance with the 
Institutional Animal Care and Use Committee of the 
Laboratory Animal Research Center, Chungbuk National 
University, Korea. 

For the measurement of gastric secretion and acidity, 
the rats (n=8/group), fasted for 48 hours, were anesthetized 
with ether, and their pylorus was ligated with a 4-0 silk 
after median incision of abdomen from xiphoid process 
[7]. Immediately after the operation, MB 12662 or 
pantoprazole were injected into duodenum. Control 
animals were given the same volume (5mL/kg) of 
vehicle (40% HP P-CD). After suture of the wounds, the 
rats were allowed to recover in their home cages. 

Six hours after pylorus ligation, the rats were 
sacrificed under deep anesthesia with ether, and their 
stomach was removed. Gastric fluid was collected and 
centrifuged at 3,000 rpm for 10 min. The volume andpH 
of the fluid were measured. Into aliquots (500 jxL) of the 
fluid, Topfel reagent (1% dimethylaminoazobenzene) or 
1% phenolphthalein (10 jaL each) were added, and 
titrated with 0.1 N NaOH solution to measure free HC1 
and total acidity, respectively [7]. 

In an alcohol-induced ulcer model, the rats (n=8/ 
group), fasted for 48 hours, were orally administered 
MB 12662 or pantoprazole. Control animals were given 
the same volume (5 mL/kg) of vehicle (1% carboxy- 
methylcellulose). Thirty minutes later, the rats were 
orally administered 3 mL/kg of ethanol for the induction 
of gastric ulcer [8,9]. 



One hour after alcohol administration, the rats were 
sacrificed, and their stomach was removed. The stomachs 
were inflated with 1% formalin (10 mL) and fixed in the 
formalin solution for 15 min. After incision along the 
great curvature, the gastric content was removed, and the 
stomach was unwrapped and fixed on a corkboard. The 
length of ulcer (hemorrhagic) lesions was measured 
under a stereomicroscope. Ulcer index was presented as 
the total length of the lesions [8,9]. 

In a stress-induced ulcer model, the rats (n=8/group), 
fasted for 48 hours, were orally administered MB 12662 
or pantoprazole. Thirty minutes later, the rats were 
subjected to water-immersion restraint stress (WIRS); 
the animals were fixed in a restraint device and 
immersed up to their xiphoid process in a 22°C water 
bath for the induction of gastric ulcer [2]. 

Five hours later, the rats were sacrificed, and their 
stomach was removed. Ulcer index was calculated as 
described above. 

The results were expressed as the mean±SD. Tests of 
significance were performed using Duncan's multiple- 
range test after one-way analysis of variance, with 
PO.05 as a criterion of difference. 

In vehicle-treated rats, during 6-hour pylorus ligation, 
mean 5.75 mL of gastric fluid was obtained (Table 1). 
The gastric secretion was inhibited by treatment with 
MB12662, resulting in decreases to 83.1% and 47.3% of 
control level at 30 and 60 mg/kg, respectively, comparable 
to the effect of pantoprazole (30 mg/kg) at 60 mg/kg. pH 
of gastric fluid was significantly increased by MB 12662 
(30-60 mg/kg) and pantoprazole (30 mg/kg). In parallel 
with the increase in pH, free HC1 and total acidity were 
also markedly decreased by MB 12662, although the 
effects did not reach those of pantoprazole. 

Oral administration of pure ethanol (3 mL/kg) induced 
severe hemorrhagic ulcers 1 hour after administration, 
showing mean ulcer index of 55.2 mm (Figures 1A and 



Table 1. Effects of MB12662 on the gastric secretion and acidity for 6 hours 


Treatment (mg/kg) 


Volume 
(mL) 


PH 


Free HCI 
(mmole/L) 


Total acidity 
(mmole/L HCI) 


Vehicle 
MB12662 (30) 
MB12662 (60) 
Pantoprazole (30) 


5.75±0.74 

(100.0) 
4.78±0.60 

(83.1) 
2.72±0.66* 

(47.3) 
2.91 ±0.43* 

(50.6) 


1.33±0.67 
2.74±0.43* 
5.07±0.95* 
4.57±0.52* 


80.0±12.6 

(100.0) 
63.9±6.6 

(79.9) 
35.6±8.6* 

(44.5) 
20.8±10.5* 

(26.0) 


129.1±12.9 

(100.0) 
90.8±12.1* 

(70.3) 
76.1±14.3* 

(58.9) 
32.3±5.9* 

(25.0) 



Data in parentheses are % of vehicle control. *Significantly different from vehicle control, P<0.05. 
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Figure 1. Representative findings of gastric ulcers induced by 
alcohol. Rats were orally administered with 3 mL/kg of pure 
ethanol, and sacrificed 1 hour later for the measurement of 
ulcer lesions. A, vehicle control; B, 10 mg/kg MB12662; C, 30 
mg/kg MB12662; D, 10 mg/kg pantoprazole. 
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Figure 2. Effects of MB12662 (black) and pantoprazole (gray) 
on the gastric ulcer index (mm) induced by ethanol (3 mL/kg). 
*Significantly different from vehicle control, P<0.05. 



2). The lesions were markedly attenuated by treatment 
with MB 12662 in a dose-dependent manner (Figures IB 
and 1C, exhibiting a Ml prevention at high doses (30-60 
mg/kg) (Figure 2). By comparison, the effect of MB 12662 
was superior to pantoprazole (Figures ID and 2). From 
the dose-response curve, median effective dose (ED 50 ) 
value of MB 12662 for the improvement of alcohol- 
induced ulcers was 1.2 mg/kg, which is 10-fold lower 
than that (ED 50 =11.7 mg/kg) of pantoprazole. 

Five-hour WIRS at 22°C induced linear type of 
hemorrhagic ulcers, showing mean ulcer index of 29.9 
mm (Figures 3A and 4). The lesions were significantly 
attenuated by treatment with MB 12662 (30-60 mg/kg) 
(Figures 3B and 4). By comparison, pantoprazole 



Figure 3. Representative findings of gastric ulcers induced by 
water-immersion restraint stress (WIRS). Rats were placed in a 
restraint device, immersed up to their xiphoid process in a 22°C 
water bath, and sacrificed 5 hours later for the measurement of 
ulcer lesions. A, vehicle control; B, 30 mg/kg MB12662; C, 10 
mg/kg pantoprazole; D, 30 mg/kg pantoprazole. 
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Figure 4. Effects of MB12662 (black) and pantoprazole (gray) 
on the gastric ulcer index (mm) induced by water-immersion 
restraint stress (WIRS). *Significantly different from vehicle 
control, P<0.05. 



showed excellent effects (Figures 3C and 3D), markedly 
lowering ulcer indices even at low doses (5-10 mg/kg) 
(Figure 4). The efficacy of MB 12662 for the improvement 
of stress-induced ulcers was much weaker than that of 
pantoprazole (ED 50 <5 mg/kg). 

Long-term pylorus ligation induces gastric wall 
damage, mediated by gastric acid retention following 
cholinergic nerve activation [1], which is blocked by 
proton-pump inhibitors [5]. MB12662 at 60 mg/kg 
exerted an inhibitory activity on gastric secretion, 
comparable to pantoprazole (30 mg/kg). In addition, 
MB 12662 significantly increased pH, and decreased free 
HC1 and acidity of the gastric fluid, indicative of an 



Lab Anim Res | September, 2013 | Vol. 29, No. 3 



Antiulcer effects of MB12662 



181 



antacid activity. Mechanisms of MB 12662 on the anti- 
gastric secretion, including influence on proton-pump, as 
well as antacid effect, remain to be clarified. 

Ethanol induces not only mucosal stasis, causing 
hemorrhage and necrosis, but also lipid peroxidation by 
triggering radical reactions [10]. DNA-damaging agents 
such as radicals and chemotherapeutics activate a repair 
enzyme poly(ADP-ribose) polymerase (PARP), leading 
to consumption of NAD + [11,12]. However, excessive 
activation of PARP depletes NAD + for glyceraldehyde- 
3 -phosphate dehydrogenase (GAPDH) in glycolytic 
pathway, resulting in cell death due to ATP depletion 
[13]. Notably, MB12066 and MB12662 greatly increased 
NAD + via NADH oxidation [14]. In addition, MB12662 
exhibited membrane-preserving activity, substantially 
attenuating intestinal injury induced by cisplatin, a 
chemotherapeutic agent (unpublished results). In the 
present study, MB 12662 exerted excellent improving 
effects on alcoholic ulcers. Although exact action 
mechanisms of MB 12662 remain to be clarified, the 
antiulcer effect might be in part due to its NAD + - 
preserving potential, in addition to antioxidative and 
antisecretory activities. 

It is well known that WIRS induces extreme mental 
and psychological stresses to rodents, and thereby 
stimulates gastric secretion related to central nervous 
system and pituitary-renal hormonal axis [1,2,15]. 
Complex neurochemical mechanisms are involved in the 
response to noxious stimuli like stress [15], and injection 
of corticosteroids induces gastric erosion [16]. The 
mechanisms responsible for corticosteroids-induced 
gastric mucosal damage include inhibition of mucus 
synthesis, augmented acid secretion, and suppression of 
PGs synthesis [17]. Therefore, it is suggested that 
MB 12662 may attenuate the stress-induced gastric ulcer 
at least by decreasing gastric secretion and NAD + - 
preserving activities. 

Taken together, it is expected that the alcohol- and 
stress-mediated gastric ulcers could be attenuated by 
MB 12662, which may be attained by its substantial 
antisecretory, antacid, and membrane-protective actions. 
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